The objectives of this study were to develop a novel approach to postmortem diagnosis of cholecalciferol (CCF) toxicosis in dogs using kidney, bile, and urine samples, and to differentiate CCF from ethylene glycol (EG) toxicosis. To achieve these objectives, specimens collected from 2 previous laboratory studies in which dogs were given a single oral toxic dose of CCF (8.0 mg/kg) were used. For EG toxicosis, historical data from the previous 13 years (1985)(1986)(1987)(1988)(1989)(1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998) were reviewed and confirmed cases of EG toxicosis were selected. The historical data were used to compare trace mineral concentrations, specifically of calcium and phosphorus to differentiate between intoxications caused by CCF from that caused by EG in dogs. Kidneys, bile, and urine from dogs that died of CCF toxicosis were analyzed for 25 monohydroxy vitamin D 3 (25(OH)D 3 ) and 1,25 dihydroxy vitamin D 3 (1,25(OH) 2 D 3 ) and compared to known control unexposed dogs. Results of this study show that biliary and renal 25(OH)D 3 concentrations and renal calcium to phosphorus ratio are of diagnostic value in dogs exposed to toxic concentrations of CCF. The renal calcium to phosphorus ratio was Ͻ0.1 in normal dogs, 0.4-0.9 in dogs that died of CCF toxicosis, and Ͼ2.5 in dogs that died of EG toxicosis.
Hypercalcemia is a frequently encountered disorder of calcium metabolism in dogs. 13 Causes of hypercalcemia in dogs include hypervitaminosis D 3 (cholecalciferol [CCF]), lymphosarcoma and other malignancies, hypoadrenocorticism, chronic renal failure, primary hyperparathyroidism, and other sporadic causes. 6, 12 The incidence of CCF-induced hypercalcemia has been increasing since CCF was introduced to the market as a rodenticide in 1986. 1, 3, 7, 10 For many years CCF toxicosis was associated with chronic dietary or iatrogenic oversupplementation with CCF during treatment of primary hypoparathyroidism. 8 The recommended daily vitamin D intake for adult maintenance in dogs is 8 IU (0.2 g)/kg. 14 In dog feed, the recommended vitamin D concentration is 500-5,000 IU/ kg (12.5-125 g) of dry feed. 2 A chronic oral dose of 60-120 ng 1,25 dihydroxy vitamin D 3 (1, 25 (OH) 2 D 3 )/ kg over a 4-week period caused hypercalcemia in dogs. 5 A mixed breed of dogs given 20,000-40,000 IU (0.5-1.0 mg)/kg of vitamin D 2 orally daily had vitamin D toxicosis starting 8 days from the time the dosing was initiated. 18 Recently, acute CCF toxicosis has been most frequently caused by accidental ingestion of rodenticides. Accidental ingestion by dogs of human medications containing analogs of 1,25(OH) 2 D 3 (e.g., calcipotriol) is becoming a more common cause of vitamin D toxicosis. 4, 9 Other potential causes of CCF toxicosis in dogs include ingestion of toxic plants such as Cestrum diumum, Solanum molacoxylon, and Trisetum flavescens. 13 These toxic plants may be encountered in Hawaii and in the southern United States.
The clinical signs of CCF toxicosis in dogs include depression, anorexia, vomiting, polyuria, and polydipsia. Currently, the antemortem diagnosis of vitamin D 3 toxicosis is based on a history and clinical signs consistent with exposure to CCF, elevation in serum 25 monohydroxy vitamin D 3 (25(OH)D 3 ) concentration, and a serum chemistry profile characterized by hypercalcemia (total and ionized), hyperphosphatemia, reduced serum intact parathormone concentration, and elevated blood urea nitrogen and serum creatinine. 7, 21 However, an animal sometimes is presented dead for necropsy and serum is not available to run these tests. In other cases, soft tissue mineralization, a nonpathognomonic lesion, is found on histopathologic examination. Possible causes of soft tissue mineralization other than vitamin D toxicosis include primary chronic renal failure, hypercalcemia of malignancy, and primary hyperparathyroidism. 12 Occasionally, suspicion of vitamin D toxicosis is raised on finding high calcium and phosphorus concentrations in kidneys, usually discovered during routine heavy metal screening on the kidney using inductively coupled plasma-atomic emission spectrometry (ICP-AES). Toxic-related causes of high renal calcium and/or phosphorus may include possible exposure to vitamin D 3 , ethylene glycol (EG), and soluble oxalate toxicosis. Whereas histopathologic examination of the kidney may be helpful in ruling out EG-and other oxalate-related nephrotoxicoses, lack of fixed specimens may preclude histopathology. In these situations, some laboratories ana-lyze kidneys for calcium content to support a diagnosis of CCF or EG toxicosis. 7 One reference suggests that renal calcium concentration, on a wet weight basis, is 300-1,000 ppm in CCF-poisoned dogs, and between 3,000 and 12,000 ppm in dogs that died of EG toxicosis. 7 Currently, data from controlled studies to support this interpretation are lacking.
This study was undertaken with the following objectives. The first objective was to develop a novel approach for postmortem diagnosis of CCF toxicosis in dogs by testing kidney, bile, and urine for 25(OH)D 3 and 1,25(OH) 2 D 3 . Serum was tested for both 25(OH)D 3 and 1,25(OH) 2 D 3 . The second objective was to develop a trace mineral profile, using the kidney, to differentiate CCF toxicosis from EG toxicosis.
Materials and methods
Serum, bile, kidneys, and urine samples were taken from 2 previous studies in which 40 beagle dogs were given a single oral toxic dose of CCF (8 mg/kg) each and euthanized at periods ranging from 3 to 28 days postdosing. A description of the animals and experimental procedures have been previously described. 16, 17 The studies were approved by the Michigan State University, All University Committee on Animal Use and Care. Urine was collected by catheterization at 24 hr post-CCF exposure. Bile was collected at necropsy from 19 CCF-exposed dogs euthanized on day 14 and from 1 dog that was euthanized on day 3 post-CCF exposure. For control, bile was randomly collected from 12 dogs on the necropsy floor. These dogs had no history of EG or CCF exposure. Serum, urine, and bile were analyzed for 25(OH)D 3 and 1,25(OH) 2 D 3 by radioimmunoassay. a,b Assay of 25(OH)D 3 was performed on bile and urine samples extracted with acetonitrile as per the protocol of the manufacturer of the radioimmunoassay kit. Specificity data, as reported by the manufacturer, indicated 0.8% cross-reactivity with vitamin D 3 and D 2 and 2.5% cross-reactivity with the 1,25-diOH metabolites of those forms of vitamin D. The assay has 100% cross-reactivity with 25-OH, 24,25-diOH, and 25,26-diOH metabolites of vitamin D 3 and D 2 . The sensitivity of the assay was 5 nmol/liter, defined as the average calculated concentration at 90% of total binding for 10 assay runs. Repeatability studies were done on single pools of bile and urine, with respective concentrations of 124 and 7 nmol/ liter. Across 10 assays the interassay coefficient of variation (CV) for the bile sample was 0.17 and the CV for the urine sample was 0.29. Within a single assay the interassay CV (10 replicates) for the bile sample was 0.04 and for the urine sample was 0.18. The extracted bile sample was further diluted in acetonitrile at dilutions of 1:2, 1:4, and 1:8, and 99%, 106%, and 95% of the expected concentrations of 25(OH)D 3 were measured, respectively. Dilutions were not performed on the urine pool because the undiluted concentration was already close to the sensitivity of the assay.
Assay of 1,25(OH) 2 D 3 was performed as described in the manufacturer's protocol. The antibody of the assay has 73% cross-reactivity for 1,25(OH) 2 D 2 and less than 0.02% crossreactivity for 25(OH)D 3 . The sensitivity of the assay, as de-fined as the concentration at 2 standard deviations below maximum binding, was 5 pmol/liter. Urinary concentrations of 25(OH)D 3 and 1,25(OH) 2 D 3 were normalized on the basis of creatinine concentrations. Urine creatinine concentration was measured calorimetrically. c Serum 1,25(OH) 2 D 3 was analyzed on samples collected on days 1, 4, and 7 post-CCF exposure.
Kidneys of 19 dogs euthanized on day 14, and from the 3 dogs that were euthanized 3 days post-CCF dose were used for trace mineral analysis and for assays of metabolites of CCF (25(OH)D 3 and 1,25(OH) 2 D 3 ). Kidneys were collected within 15 min after euthanasia. For experimental controls, kidneys were randomly collected from 10 dogs on the necropsy floor. These dogs had no history of EG or CCF exposure. It is not known how long these control dogs had been dead before kidneys were collected. For 25(OH)D 3 and 1,25(OH) 2 D 3 assays, 5-10 g of renal cortex was homogenized in equal parts (5-10 ml) of 0.9% sodium chloride, filtered, and centrifuged for 5 min at 250 ϫ g. The supernatant was analyzed for the concentration of the CCF metabolites using radioimmunoassays specified above. Measurement of 25(OH)D 3 in acetonitrile extracts of kidney homogenates was also performed as per the protocol of the manufacturer of the kit. In a kidney homogenate with a concentration of 95 nmol/liter, the interassay CV was 0.06 and the intraassay CV was 0.04 (10 replicates). When the extracted kidney homogenate was further diluted in acetonitrile at rates of 1:2, 1:4, and 1:8, 83%, 78%, and 85% of the expected concentration of 25(OH)D 3 was measured, respectively. Trace mineral analysis for calcium and phosphorus was done by ICP-AES. 19 In addition, the Michigan State University Animal Health Diagnostic Laboratory ICP-AES database from 1985 to 1998 was reviewed to determine the trace mineral profile in normal kidneys, and in kidneys of dogs confirmed to have died of EG toxicosis. The quality control procedure for ICP-AES has previously been described in detail. 19 
Results
Biliary 25(OH)D 3 concentrations in nonexposed dogs ranged from 4 to 30 nmol/liter with a mean of 15 nmol/liter. Dogs given CCF and euthanized 14 days post-CCF exposure had biliary 25(OH)D 3 concentrations in the range of 98-416 nmol/liter, with a mean of 185 nmol/liter ( Fig. 1A ). One dog (not shown), which was euthanized on day 3 post-CCF exposure, had a biliary 25(OH)D 3 concentration of 505 nmol/ liter. Excluding this 1 dog, a 12-fold increase was found in the concentration of this metabolite in bile of dogs given CCF and euthanized 14 days postexposure. However, for 1,25(OH) 2 D 3 , the biliary concentrations were similar between nonexposed dogs and those euthanized 14 days post-CCF exposure (Fig. 1B) .
Results of serum 25(OH)D 3 concentration have been published elsewhere. 16, 17 The serum 1,25(OH) 2 D 3 concentration data are shown in Fig. 2 . Before dogs were given CCF, the normal range of 1,25(OH) 2 D 3 was 41-256 pmol/liter, with a mean of 149 pmol/liter. Twenty- . The biliary concentration of this CCF metabolite was less than 30 nmol/liter in nonexposed dogs and greater than 98 nmol/liter in exposed dogs. One dog (not shown) that was euthanized on day 3 had a concentration of 505 nmol/liter. No overlap occurred between control and exposed dogs. B. Biliary concentration of 1,25 dihydroxy vitamin D 3 (1,25(OH) 2 D 3 ) control (nonexposed) dogs (n ϭ 10) and dogs given 8 mg CCF/kg body weight once orally (n ϭ 19). Dogs given CCF were euthanized on day 14 postexposure. Note the overlap in the billiary concentration of this CCF metabolite between control and exposed dogs. 
) concentration in dogs before (n ϭ 12) and 24 hours after (n ϭ 11) receiving 8 mg CCF/kg body weight once orally. Note that concentration of this CCF metabolite was less than 2.5 pmol/mmol creatinine before exposure. Some overlap occurs in the concentration of 1,25(OH) 2 D 3 between pre-and postexposure. This may result in false-negative results in exposed dogs. four hours after CCF gavage, the serum concentration increased 2.4-fold to a mean of 356 pmol/liter. The serum 1,25(OH) 2 D 3 concentration peaked on day 4 at a mean of 366 pmol/liter (2.5 times normal pre-exposure concentration). This was followed by a steep decline such that by day 7, the mean concentration was 250 pmol/liter (1.7 times normal concentration).
Both 25(OH)D 3 and 1,25(OH) 2 D 3 were found in urine. For control dogs, 25(OH)D 3 was detectable in only 4 of 12 dogs. After CCF exposure, 11 of 11 urine samples tested positive for 25(OH)D 3 . The concentration of 25(OH)D 3 in urine collected before CCF exposure ranged from 0 to 0.09 nmol/mmol creatinine with a mean of 0.02 nmol/mmol creatinine (Fig. 3A) . Twenty-four hours after receiving CCF, the concentration of 25(OH)D 3 in urine was 0.07 to 1.56 nmol/mmol creatinine with a mean of 0.55 nmol/mmol creatinine (Fig. 3A) . This represented a 29-fold increase in the urine concentration of this metabolite compared to normal.
The urine 1,25(OH) 2 D 3 concentration ranged from 0 to 2.4 pmol/mmol creatinine (mean 0.92 pmol/mmol creatinine) in urine of dogs before they received CCF ( Fig. 3B ). Of the 12 dogs, 2 had nondetectable amounts of this metabolite in urine. Twenty-four hours Fig. 1A . Note that no overlap occurred in between control and exposed dogs even 14 days post-CCF exposure for 25(OH)D 3 A. For 1,25(OH) 2 D 3 in B, note the considerable overlap in the renal concentration of this metabolite between exposed and nonexposed dogs. . The EG cases were also taken from the AHDL database. More than 95% of normal dogs had a renal calcium concentration Ͻ 1,000 ppm on a wet weight basis. Three dogs (ϫ) that died of CCF toxicosis had a total renal calcium concentration between 2,000 and 2,999 ppm on a wet weight basis. The majority of dogs that died of EG toxicosis had a total renal calcium concentration Ͼ 5,000 ppm on a wet weight basis. . The EG cases were also taken from the AHDL database. Three dogs (ϫ) that died of CCF toxicosis had a total renal phosphorus concentration Ͼ 4,000 ppm on a wet weight basis, whereas in the majority of dogs that died of EG toxicosis the concentration was Ͻ3,999 ppm. post-CCF exposure, 11 of 11 urine samples tested positive for 1,25(OH)D 2 D 3 . Concentrations ranged from 0.79 to 5.5 pmol/mmol creatinine (mean 3.38 pmol/ mmol creatinine), which represented a 3.7-fold increase in urinary excretion of this metabolite compared to controls.
The supernatant from kidneys (renal cortex) of dogs euthanized 14 days after CCF exposure had 25(OH)D 3 concentrations in the range of 85-283 nmol/liter with a mean of 159 nmol/liter. The concentrations in kidneys of control dogs ranged from 2 to 11 nmol/liter with a mean of 6 nmol/liter (Fig. 4A) . The 3 dogs euthanized on day 3 after CCF exposure had 25(OH)D 3 concentrations of 150, 240, and 260 nmol/ liter. On average, 27 times greater 25(OH)D 3 concentration was found in kidneys of dogs given CCF and euthanized on day 14 compared to normal.
Results of renal cortical 1,25(OH) 2 D 3 concentrations were similar between control and dogs given CCF (Fig. 4B ). The mean concentration was 40 pmol/liter in control compared to 67 pmol/l in dogs given CCF. This represented a 66% increase in 1,25(OH) 2 D 3 concentration in dogs given CCF and euthanized 14 days postexposure.
Results of renal calcium and phosphorus concentrations are summarized in Figs. 5 and 6. More than 75% of normal dogs had total renal calcium concentration less than 200 ppm on a wet weight basis and more than 95% of dogs had less than 1,000 ppm. Dogs that died of CCF toxicosis on day 3 had total renal calcium . The EG cases were also taken from the AHDL database. In 75% of normal dogs the ratio was Ͻ0.1. In 3 dogs that died of CCF toxicosis (ϫ), the ratio was between 0.4 and 0.9. In dogs that died of EG toxicosis the ratio was Ͼ2.5.
concentrations in the range of 2,000-2,999 ppm, whereas in those that died of confirmed EG toxicosis, the total renal calcium was usually 5,000 ppm or greater ( Fig. 5 ). For renal phosphorus, the 3 dogs that died of CCF toxicosis had concentrations ranging from 4,000 to 5,000 ppm, whereas normal or EG-poisoned dogs usually had concentrations below 3,500 ppm on a wet weight basis (Fig. 6 ). When the total calcium to total phosphorus ratio in the kidney was considered, 75% of normal dogs had a ratio of Ͻ0.1 and 95% of normal dogs had a ratio of Ͻ0.4 (Fig. 7) . Dogs that died of CCF toxicosis had a ratio of 0.4 to 0.79, whereas 95% of dogs that died acutely of EG intoxication had a ratio Ͼ2.5 (Fig. 7) .
Discussion
Tests that are currently available for antemortem diagnosis of CCF toxicosis in dogs use serum as the test medium. However, postmortem diagnosis is difficult. The objectives of this study were to develop new tests for diagnosis of CCF toxicosis using tissues collected at necropsy. This study has demonstrated that concentrations of 25(OH)D 3 in bile and kidney, and the total calcium to total phosphorus ratio in the renal cortex are the best indicators of CCF toxicosis in dogs when serum is not available. Biliary 25(OH)D 3 concentration Ͼ100 nmol/liter and renal cortical extract concentrations Ͼ80 nmol/liter are supportive of CCF toxicosis (Figs. 1A, 4A ). In addition, a total calcium to total phosphorus ratio between 0.4 and 0.79 would be consistent with CCF toxicosis (Fig. 7) . Although most of the bile and kidney samples were collected 14 days after dogs were given CCF, the 25(OH)D 3 concentration was still 12 times higher than normal in bile, and 29-fold higher than normal in kidneys. In typical cases of severe CCF toxicosis, dogs that are not treated die 3 to 5 days postexposure. The biliary concentration in 1 dog that was euthanized within this time period (day 3) was 505 nmol/liter (34 times normal concentration). No overlap was found in results of billiary 25(OH)D 3 concentration of exposed and nonexposed dogs, making the possibility of false positives or negatives very unlikely (Fig. 1A) .
Urine 25(OH)D 3 concentrations may also be of diagnostic value. However, some overlap occurred in urine concentrations of 25(OH)D 3 between exposed and nonexposed animals in the range of 0.07-0.09 nmol/mmol creatinine. This may result in false-positive or false-negative test results (Fig. 3A) . However, using limited data available from this study, urine concentrations of 25(OH)D 3 Ͼ0.1 nmol/mmol creatinine would be supportive of CCF exposure.
Another indicator of CCF toxicosis that has been demonstrated to be of diagnostic use from this study is the calcium to phosphorus ratio. This ratio is useful in differentiating between dogs that died of CCF toxicosis from those which died of EG poisoning. Cholecalciferol toxicosis is characterized by excessive soft tissue calcification, especially of the kidney. Ethylene glycol toxicosis is characterized by precipitation of calcium oxalate crystals within the renal tubules. 15 In the 3 dogs that died of CCF toxicosis, the total calcium to total phosphorus ratio was in the range of 0.4-0.79, whereas in those that died of EG toxicosis the ratio was generally Ͼ2.5 (Fig. 7) . However, a very small fraction of EG-poisoned dogs (Ͼ1%) had a calcium to phosphorus ratio in the same range as dogs that died of CCF toxicosis. The usefulness of the calcium to phosphorus ratio in differentiating between CCF and EG toxicosis is based on differences in the mechanisms of action of the 2 toxicants. Cholecalciferol toxicosis is not only characterized by increased serum calcium, but also by increased serum phosphorus concentrations. Increased serum phosphorus concentrations are accompanied by increased deposition of phosphorus in the kidney (Fig. 6 ). In contrast, EG toxicosis is not accompanied by increased renal phosphorus deposition. Total calcium concentrations in kidneys of dogs that died of EG toxicosis were greater than 4,500 ppm on a wet weight basis. This is consistent with a previous report where total calcium concentrations in kidneys of dogs that died of EG toxicosis were reportedly in the range of 3,000 to 12,000 ppm. 7 In CCF toxicosis the calcium concentration was in the range of 2,000-2,999 ppm (Fig. 5 ). The limitation of this interpretation is the small number (3) of confirmed CCF toxicoses used in this study. More data from CCF-poisoned dogs are needed to make this interpretation more reliable. Nonetheless, this profile is useful in suggesting more specific confirmatory tests for EG or CCF toxicosis, or to support inconclusive results of other diagnostic tests. Although the calcium to phosphorus ratio in kidneys is useful in differentiating between CCF and EG toxicoses, presently it is not clear whether this ratio can differentiate CCF or EG intoxications from mineralization caused by hypercalcemia of malignancy, primary chronic renal failure, or primary hyperparathyroidism. These diseases can be ruled out using other diagnostic approaches, including renal 25(OH)D 3 assay.
Results of serum, biliary, renal, and urinary 1,25(OH) 2 D 3 concentrations were of limited diagnostic value. As shown in Fig. 2 , some overlap occurred in serum concentrations of this metabolite between preexposure and postexposure in the range of 120-250 pmol/liter. Interpretation of results within this range would be difficult. However, serum 1,25(OH) 2 D 3 concentrations Ͼ300 pmol/liter would be supportive of CCF toxicosis. Unlike serum 25(OH)D 3 concentrations, which were increased 40-fold 24 hours post-CCF exposure, the concentration of 1,25(OH) 2 D 3 was maximally increased only to 2.5 times normal on day 4 (Fig. 2) . The synthesis of this metabolite from 25(OH)D 3 in the kidney is well documented to be stringently regulated. 20 The concentration of 1,25(OH) 2 D 3 in serum begins to decline after day 4 post-CCF exposure (Fig. 2) . Therefore, the diagnostic value of this metabolite in serum or other tissues is short-lived.
This study has also demonstrated that 1,25(OH) 2 D 3 , is excreted through bile and urine (Figs. 1B, 3B ). The biliary concentrations of 1,25(OH) 2 D 3 in nonexposed controls and exposed dogs euthanized on day 14 were similar. Because the billiary concentrations of this metabolite would be expected to reflect those of serum, it is not surprising that no differences were found between bile samples collected from exposed dogs 14 days after CCF gavage and from nonexposed controls. Because the serum concentration of 1,25(OH) 2 D 3 begins to decline by day 4 post-CCF exposure (Fig. 2) , so would its concentration in bile and other tissues and fluids. Indeed, a similar conclusion can be drawn from results of analysis of renal 1,25(OH) 2 D 3 data (Fig. 4B) . Even in the 3 dogs that were euthanized on day 3 because of severe signs of CCF toxicosis, the concentration of renal 1,25(OH) 2 D 3 was not very informative, except in 1 dog.
Interestingly, the concentration of 1,25(OH) 2 D 3 in urine excreted 24 hours after CCF exposure was high (Fig. 3B ). This suggests that testing for this metabolite in urine before the homeostatic control mechanisms switch off its synthesis in the kidneys may be of value in the diagnosis of CCF toxicosis. Because of overlap in the concentration of 1,25(OH) 2 D 3 between nonexposed and CCF-exposed dogs, only urine concentrations Ͼ 2.5 pmol/mmol creatinine may be used to support a diagnosis of CCF toxicosis. Dogs start showing signs of CCF toxicosis 24-36 hours post-CCF exposure, and the homeostatic negative control mechanism is triggered after day 4. Therefore, a narrow window of time (24-94 hours) exists in which urine and serum concentrations of this metabolite may be of diagnostic value. Unfortunately, because of insufficient sample size, this metabolite was not measured in urine beyond 24 hours post-CCF exposure. In addition, concentrations of 1,25(OH) 2 D 3 may be increased in other metabolic diseases, such as primary hyperparathyroidism. This deserves further study.
Recently, analogs of 1,25(OH) 2 D 3 have caused intoxications in dogs. 4, 9 The most common analog of 1,25(OH) 2 D 3 that causes intoxication in dogs is calcipotriol (calcipotriene). This is a petroleum-based product used for treatment of psoriasis in humans. 4, 11 Unfortunately, tests for 25(OH)D 3 and 1,25(OH) 2 D 3 cannot detect vitamin D toxicosis caused by these compounds. Attempts to confirm toxicoses involving analogs of 1,25(OH) 2 D 3 by radioimmunoassays in our laboratory have been unsuccessful. Why analogs of 1,25(OH) 2 D 3 cannot be detected by radioimmune assays for 1,25(OH) 2 D 3 is not known. Perhaps the tertiary structure is different and can not bind the binding site. No tests are available to date to confirm toxicosis caused by these compounds. However, the renal trace mineral profile and clinical chemistry changes in intoxications caused by these compounds are similar to those caused by CCF. 9 In conclusion, this study has demonstrated that concentrations of 25(OH)D 3 in bile and renal cortical extracts are of most diagnostic value in dogs suspected to have died of CCF toxicosis. This study has also demonstrated, for the first time, that the ratio of total renal calcium to total phosphorus is of diagnostic value in differentiating between CCF and EG toxicoses in dogs. In normal dogs this ratio is Ͻ0.1. In CCF toxicosis this ratio is in the range of 0.4-0.79, and it is Ͼ2.5 in EG toxicosis. Further research to develop tests for diagnosis of toxicosis caused by analogs of 1,25(OH) 2 D 3 is recommended because these drugs are becoming increasingly common and the incidence of intoxications in small animals may increase in the future. 
